Noroviruses have been recognized as the leading cause of epidemic and sporadic gastroenteritis since the advent of molecular diagnostic technique. They have been documented in 5-31% of pediatric patients hospitalized with gastroenteritis. Although norovirus gastroenteritis is typically mild and self-limited, it causes severe, but sometimes fatal, conditions in the vulnerable population such as immunocompromised patients, young children, and the elderly. Bowel perforation due to norovirus infection is rare. We report a case of small bowel perforation with norovirus gastroenteritis in the infant with Down syndrome during the hospitalization with pneumonia. Severe dehydration may cause bowel ischemia and could have triggered bowel perforation in this case. Physicians should be alert to the potential surgical complications followed by severe acute diarrhea, especially in high risk groups.
INTRODUCTION
Noroviruses (NoVs) have been recognized as the leading cause of epidemic and sporadic gastroenteritis since the advent of molecular diagnostic technique. NoVs are a separate genus in the family Caliciviridae and have great diversity of genogroups and genotypes [1] . Most of the strains associated to human disease belong to genetic clusters within genogroups I and II (GI and GII) [1] . According to a recent epidemiologic study, waterborne outbreaks are significantly associated with GI strains, while healthcare-related and winter outbreaks are associated with GII strains [2] .
Although NoV gastroenteritis is mild and self-limited, it causes severe, sometimes fatal, conditions in the vulnerable population [3, 4] . We report small bowel perforation with NoV (GII strain) gastroenteritis in the infant with Down syndrome during the hospitalization with pneumonia.
CASE REPORT
Three-month-old female infant was admitted for the management of fever, cough and dyspnea. She was born at 35 weeks gestation by Cesarian section mmol/L; anion gap, 18.9). At that time, her pulse rate was 210/min, body temperature was 39.9 o C and body weight was 4.0 kg. Her volume status was underestimated and total intake of volume (maintenance fluid volume by 5% dextrose sodium potassium (Na 34, K 20 meq/L, 20 mL/hr) and oral intake) was not adequate for her sudden volume loss over the short period. She was transferred to the intensive care unit for close monitoring and aggressive volume therapy. After delivering a bolus of normal saline (40 mL/kg) and bicarbonate infusion, 5% dextrose in 0.9% normal saline was infused (20 mL/hr). Laboratory findings were normalized (pH, 7.31; HCO 3 − , 21.0; BUN/Cr, 16.5/0.5 mg/dL) on day 10 and maintenance fluid was changed to 5% Dextrose sodium potassium (Na 34, K 20 meq/L, 20 mL/hr). However, her abdomen was severely distended and plain radiograms of abdomen showed dilatation of the small intestine. We performed abdominal ultrasonography and it showed dilatation and wall thickening of small bowel loops indicating small bowel obstruction. We closely observed her for the possibility of development of acute surgical abdomen. On day 11, plain abdominal radiogram showed suspicious free gas on upper abdomen (Fig. 1A) . We performed the crosstable abdominal radiogram and it showed free bowel gas (Fig. 1B) . She underwent an emergent laparotomy. Multiple necroses with 1 cm perforation were observed in terminal ileum 10 cm away from the ileocecal valve (Fig. 2) . Distension of the whole small bowel and peritonitis were also found. Segmental resection of terminal ileum was performed. Histopa- thology of the resected bowel revealed a transmural coagulative necrosis, submucosal congestion, and focal lymphoid hyperplasia. Fecal specimen culture was negative but reverse transcriptase-PCR (RT-PCR) for NoV was positive. It was reported as GII and genotype 4 (GII. 4). The antigen test and enzyme immunoassay for adenovirus and rotavirus were negative, respectively. RT-PCR for astrovirus was also negative. Cytomegalovirus workup was not performed. After the operation, her abdominal distension improved and oral feeding was started on the day 9 after operation. However, bacterial pneumonia developed and she was intubated on day 21. We performed laboratory tests for the evaluation of her immune functions. She had a normal B, T lymphocytes and Natural-Killer cell counts. Immunoglobulin G/A/M levels were also within the normal range. She was discharged on day 48 in good general condition.
DISCUSSION
RT-PCR for the diagnosis of NoV infection has substantially changed understanding of their epidemiology. NoVs has been documented in 5-31% of pediatric patients hospitalized with gastroenteritis and perhaps the second most common cause of diarrhea leading to hospitalization of children aged ＜5 years old [1] . In developing countries, NoVs are suggested as the cause of severe illness and death (218,000 deaths each year) from diarrhea among children [4] .
Recently, the most common sequence of NoV has been GII. 4 genotype [1, 5, 6] . In the present report, the strain of NoV was GII. 4. The rapid evolution of GII. 4 variants had led to the emergence of novel strains associated with global epidemics and nosocomial outbreaks [5, 6] . Frequent nosocomial transmission of NoV infection has been reported and been an economic burden in healthcare settings [7, 8] . In the present case, NoV gastroenteritis was presumed to be a nosocomial infection. It developed on day 8 of the hospitalization and the patient had no contact with the individuals with gastroenteritis symptoms before her admission. One recent study demonstrates frequent missed cases of NoV infections despite laboratory testing and underdiagnosis of NoV patients are associated with costly abdominal imaging and nosocomial clustering [9] . Bowel perforation due to NoV gastroenteritis is rare. In adults, only one case of spontaneous bowel perforation due to NoV infection was reported in an 83 year old Caucasian patient [10] . In the previous case, necrosis with a perforation was observed in mid-ileum. Similarly necrotic lesions with a perforation were in the terminal ileum in our case. It is suggested that histologic changes of NoV infection such as a broadening and blunting of the intestinal villi, crypt-cell hyperplasia, cytoplasmic vacuolization, and infiltration of inflammatory cells into the lamina propria were more prominent in proximal small intestine [1, 11] . In preterm babies, association of NoV infection with necrotizing enterocolitis (NEC) were reported [12, 13] . Severe dehydration with acute diarrhea may cause bowel ischemia and lead to perforation [14, 15] . Similarly in our case, severe dehydration could have triggered ileal perforation. Pathologic findings of the present case showed transmural coagulative necrosis and this suggests bowel ischemia, which is characteristic of NEC [16] . Furthermore, we speculated severe symptoms of gastroenteritis in the present patient were partly due to possible intrinsic or functional defect of immune function known in Down syndrome [17] . However, the performed tests for immune functions showed no definite abnormalities overall. It has been suggested that children with Down syndrome have intrinsic defect in B lymphocytes besides the apparent thymus and T lymphocytes abnormalities [18] . In immunocompromised patients, young children, and the elderly, severe or chronic disease of NoV infection can occur [4] .
In conclusion, we report bowel perforation with severe NoV gastroenteritis developed in 3-month-old infant with Down syndrome. NoVs can cause severe gastroenteritis and fatal complications. Therefore, physicians should be alert to the potential surgical complications followed by severe acute diarrhea, especially in high risk groups.
